The objective of this study was to determine consumer reaction to boar (BO), barrow (BA), and gilt ( G ) meat from pigs grown and finished on high-(HI) and low-( L O ) protein diets and slaughtered at 100 and 110 kg BW. Within each of two trials, 54 BO, BA, and G were allotted within sexes to HI or LO protein sequences for growing and finishing: 19 and 17% (BOHI), 18 and 16% (BOLO), 17 and 15% (GHI), 16 and 14% (GLO), 15 and 13% (BAHI), and 14 and 12% (BALO). Backfat skatole and salivary gland 16-androstene concentrations were measured from samples taken at slaughter. Longissimus (LM) and semitendinosus ( S T ) chops from 24 pigs (with equal representation across diet and sex groups) were evaluated by trained panelists for tenderness, juiciness, and off-flavor. Consumer panelists evaluated acceptability of LM chops. In the 100-kg trial, HI diets improved ( P < .05) carcass leanness in BO and BA but not in G. In both trials, BO were leaner ( P < .05) than G, and both were leaner ( P < .05) than BA. Skatole and 16-androstene concentrations were similar ( P > .05) among sexes in both trials. In the 100-kg trial, trained panelists found BOLO chops had more ( P < .05) off-flavor. In the 110-kg trial, all BO had more off-flavor ( P < .05) than BAHI, BALO, and GHI but were similar ( P > .05) to GLO. In both trials, BA chops were more tender ( P < .05) than G and BO chops and LM chops had less offflavor ( P < .05) than ST chops. In the 110-kg trial, skatole was correlated ( r = .28, P < .001) to off-flavor. A relationship may exist among diet, skatole deposition, and off-flavor. Untrained consumers reported all chops were equally acceptable ( P > .05).
Introduction
Market boars have not been commercially produced in the United States, despite obvious advantages in carcass leanness and growth (Seideman et al., 1982) . "Boar taint," an unpleasant odor in meat from some male pigs (Patterson, 1968) , has been the primary deterrent. Boar taint has been attributed to 16-androstene steroids and to skatole, a bacterial breakdown product of tryptophan (Pearson et al., 1995) .
The role of diet in boar odor development is unclear. Lundstrom et al. (1988) reported that low-nutrientdensity diets resulted in stronger boar taint. Lowprotein diets resulted in higher serum skatole (Lin et al., 1992) .
In European countries, consumer reactions to boar meat have been mixed. The variability has been attributed to taste preferences acquired through custom and environment (Lundstrom et al., 1985) , differences in swine production systems (Bonneau et al., 1992) , and lack of olfactory receptors for androstenone (Claus et al., 1994) .
There is minimal documentation of consumers' reactions to boar meat in the United States. This study was designed to assess carcass characteristics, skatole and 16-androstene steroid concentrations, consumer reactions, and trained sensory panelist evaluations of meat from boars, barrows, and gilts fed diets with protein levels at or above requirements and slaughtered at 100 or 110 kg.
Materials and Methods

Animals and Treatments
Two trials were conducted, a 100-kg BW trial and a 110-kg BW trial. For each trial, 54 crossbred pigs of a Treatment groups defined as BALO = barrows, low protein; BAHI = barrows, high protein; GLO = gilts, low protein; GHI = gilts, high protein; BOLO = boars, low protein; BOHI = boars, high protein.
b Low protein for barrows and gilts was calculated as the minimum protein required for maximum lean growth in pigs from this genetic base. Low protein for boars was estimated as the minimum protein required for maximum lean growth (unpublished data). medium lean growth type were stratified into nine groups of littermates or half-sibs, each consisting of two barrows ( BA) , two gilts ( G) , and two boars ( BO) . Pigs were the offspring of Large White × Landrace sows that had been mated to Hampshire × Duroc boars. Littermates were allotted within sexes to a high ( HI) or low ( LO) protein sequence for a total of six treatments replicated three times with three pigs of the same sex per pen. Calculated protein concentrations of the corn-soybean-based grower and finisher diets, respectively (Table 1) , were as follows: 19 and 17% for BOHI, 18 and 16% for BOLO, 17 and 15% for GHI, 16 and 14% for GLO, 15 and 13% for BAHI, and 14 and 12% for BALO. Based on previous research (unpublished data), the LO protein levels within BA and G were calculated as the minimum protein level required for maximum lean growth in pigs from this genetic base. The LO protein level for boars was estimated to be the minimum level required for maximum lean growth (unpublished data). From 8 wk of age until allotment, all pigs received a diet that provided approximately 20% protein. Pigs were allotted to treatment groups at 26 kg. The grower diet was fed to pigs from a pen average weight of 26 to 60 kg. The finisher diet was fed from 60 kg to slaughter. For the 100-kg BW trial, BO were slaughtered when the heaviest boar in the pen reached 100 kg. Boars were slaughtered at a maximum age of 150 d even if they had not reached 100 kg. If 150 d of age was reached before the 100-kg weight, littermate gilts and barrows were slaughtered at comparable weights. For the 110-kg BW trial, age was not considered in determining the slaughter date.
At slaughter, submandibular salivary glands and backfat samples were obtained and frozen at −20°C until they were analyzed in an independent laboratory (NOBL Labs, Sioux Center, IA). Salivary gland samples were analyzed for total 16-androstene steroid concentration by colorimetric methods developed by Squires et al. (1991) and were expressed as androstenol equivalents (Xue et al., 1994) . Backfat samples were analyzed for skatole levels as described by Peleran and Bories (1985) .
At approximately 24 h postmortem, left sides of carcasses were ribbed between the 10th and 11th ribs to measure loin eye area ( LEA) , 10th rib fat thickness, and to make subjective scores for color, firmness, and marbling (NPPC, 1991) . In addition, last lumbar ( LL) , last rib ( LR) , and first rib ( FR) midline backfat thicknesses were measured. Average backfat was calculated as follows: (LL + LR + FR)/3.
Twenty-four carcasses with equal representation across treatment and litter groups were selected from each trial for taste panel analyses.
Taste Panel
Between 30 and 72 h postmortem, the longissimus thoracis et lumborum ( LM) and the semitendinosus ( ST) were removed from the right side of the carcass. For trained taste panel analysis, two 2.54-cm-thick chops were cut from the LM beginning 15.2 and 17.8 cm from the posterior end. Eight chops, 2.54 cm thick, were cut for consumer taste panel analysis. Two of the chops were cut beginning 10.2 and 12.7 cm from the posterior end, with the remaining six chops cut in the section between 10.2 cm from the anterior end and 20.3 from the posterior end. Chops for trained taste panel analysis were also cut from the ST. Chops were 2.54 cm thick and were cut from the midsection of the muscle, not closer than 3.8 cm from either end. All chops were vacuum-packaged by sample number and stored at 2°C until 7 d postmortem, at which time they were frozen at −20°C until they were analyzed.
For sensory analysis by trained panelists, chops were prepared as outlined by AMSA (1995) . Chops were thawed for 24 h at 2°C and cooked on Farberware grills to an internal temperature of 71°C. At each panel session, chops were cut into 1.27-× 1.27-cm pieces using a plastic template and were placed in double boilers until served (< 30 min). Chops representing six samples were presented in a balanced order at each session (AMSA, 1995) . Panelists evaluated tenderness, juiciness, and offflavor on an 8-point scale ( 1 = extremely tender, extremely juicy, or no off-flavor, 4 = slightly tender, slightly juicy, or slight off-flavor, 8 = extremely tough, extremely dry, or very strong off-flavor, respectively). Before sample analyses, panelists were trained in the following manner. Panelists were familiarized with the odor of androstenone by smelling bottles that contained solutions of androstenone at levels of 10 mg/ g and 100 mg/g. Solutions were prepared by dissolving appropriate quantities of crystallized 5a-androst-16-en-3-one (Sigma, St. Louis, MO, Lot 36H4029) in equal weights of pure vegetable oil and distilled/ deionized water (Brooks and Pearson, 1989) . Panelists were trained by presenting samples differing in intensity of boar odor, rancidity, pork flavor, tenderness, and juiciness. For boar odor reference samples, boar meat previously identified as having boar odor was used. In addition, chops were treated with the 10-and 100-mg/g androstenone solution by covering the exterior of the sample with solution at a rate of 1 mL of solution per square centimeter of chop area for approximately 20 h. Panelists were not specifically trained to identify the odor of skatole. Upon completion of the training, panelists unable to identify the odor of androstenone or boar taint in chops were eliminated from the panel. This resulted in the selection of seven panelists for the 100-kg BW trial and five panelists for the 110-kg BW trial.
Untrained consumer panelists evaluated overall acceptability, aroma acceptability, flavor acceptability, and tenderness and juiciness of chops on a 9-point scale (AMSA, 1995; 1 = like extremely for acceptability, extremely tender and juicy for tenderness and juiciness; 5 = neither like nor dislike for acceptability, neither tough nor tender, neither dry nor juicy for tenderness and juiciness; 8 = dislike extremely for acceptability or extremely dry and tough for tenderness and juiciness). Area newspaper advertisements were placed to ensure a variety of consumers. A total of 96 samples (four per carcass) with two chops per sample were distributed for in-home evaluations. Seventy-three questionnaires were returned from the 100-kg BW trial and 67 were returned from the 110-kg BW trial.
Statistical Analysis
All data were analyzed using the GLM procedure of SAS (SAS, 1991) . Carcass data and 16-androstenes and skatole levels were analyzed as a 3 × 2 factorial arrangement of treatments, with sex (BO, BA, G ) and protein sequence (HI, LO) considered main effects and replication a block effect. For carcass characteristics, 16-androstenes, and skatole, replication × sex × diet was used as the error term to test the sex × diet interaction. Replication × sex was used as the error term to test the main effect of sex, and replication × diet was used as the error term to test the main effect of diet. Live weight was included as a covariate for skatole and 16-androstene analyses. Least squares means were separated by the PDIFF procedure (SAS, 1991) for characteristics that showed a significant sex × diet interaction or significant sex or diet main effects. Results are reported and discussed as least squares means with accompanying SEM.
For trained sensory panel analysis, data were analyzed for the main effects of sex, diet, and muscle and the interaction of sex × diet. Taste panelist and taste panel session were included as block effects. Least squares means were separated by the PDIFF (SAS, 1991) when there was a significant sex × diet interaction or significant sex, diet, or muscle main effects. Pearson correlation coefficients were calculated between the concentrations of skatole and trained sensory panel results and between concentrations of 16-androstene steroids in the salivary glands and trained sensory panel results.
Results from the consumer panel were not normally distributed but were skewed to the left. When the logarithms of the consumer panel results were computed, the data were normally distributed. Therefore, the logarithms of the consumer panel results were analyzed as a 3 × 2 factorial (sex × diet). Demographic data were expressed in simple percentages.
Results
100-kg BW Trial
Carcass Characteristics. Diet × sex interactions ( P < .05) showed BOHI were the leanest ( P < .05) at the 10th rib (Table 2) , and BOLO were leaner ( P < .001) than BAHI, BALO, GHI, and GLO. Diet had the opposite effect on gilts; GLO were leaner ( P < .05) than GHI, but both G groups were leaner ( P < .01) than BAHI and BALO. Diet had a similar effect in BA and BO; BAHI were leaner at the 10th rib than BALO ( P < .001). For first rib backfat (Table 2) , both BO groups had less fat ( P < .01) than all G and BA groups, and both G groups were leaner ( P < .05) than Table 2 . Diet × sex interaction means for carcass traits of boars (BO), barrows (BA), and gilts (G) fed two protein sequences (HI, LO) and slaughtered at 100 kg a,b,c,d,e,f Means within a row with superscripts that lack a common letter differ ( P < .05, error df = 36). Table 3 . Carcass characteristics and 16-androstenes and skatole concentrations of boars (BO), barrows (BA), and gilts (G) slaughtered at 100 kg a Live weight means are not equal to 100 kg because some boars reached 150 d of age before reaching 100 kg. Littermate barrows and gilts were slaughtered at comparable weights.
b NPPC, 1991. c Scale of 1 to 5: 1 = pale pinkish-gray, very soft and very watery, devoid to practically devoid; 5 = dark purplish red, very firm and dry, moderately abundant or greater (NPPC, 1991) .
d Live weight included in analyses as a covariate. e,f Means within a row with superscripts that lack a common letter differ ( P < .05, error df = 36). BALO but were similar ( P > .05) to BAHI. Within BA, those on the HI diet were leaner ( P < .05) than BALO. Average backfat followed a trend very similar to first rib backfat; both BO groups were leaner than all BA and G groups ( P < .01), and GHI, GLO, and BAHI were similar to each other ( P > .05) but leaner than BALO ( P < .01).
No main effects of diet ( P > .05) were observed on carcass characteristics or 16-androstenes or skatole levels. Live weight, carcass weight, and LEA were similar ( P > .05) among all sexes (Table 3 ). Boars and G had less ( P < .05) last rib backfat than BA. Boars tended to have less ( P = .08) last rib backfat than G. Boars had less ( P < .05) backfat opposite the last lumbar vertebrae than BA and G. Percentage of muscle of the carcass (NPPC, 1991) was greater for BO than for BA ( P < .01) and tended to be greater than for G ( P = .09). Gilts had a greater percentage of muscle than BA ( P < .05). Subjective color scores were similar ( P > .05) for all sexes, but BA had higher ( P < .05) firmness and marbling scores than BO or G (Table 3) . Concentrations of skatole in backfat and 16-androstene steroids in the salivary glands were similar ( P > .05) among all three sexes (Table 3) .
Sensory Panel Evaluations.
A sex × diet interaction ( P < .05) occurred for off-flavor, with BOLO showing more off-flavor ( P < .05) than all other groups (data not shown). However, the mean for BOLO was 2.36, which on the descriptive scale of 1 to 8 was between "practically no off-flavor" and "traces of off-flavor." Means for other groups ranged from 1.62 for GLO to 1.82 for BOHI. Diet did not affect ( P > .05) tenderness or juiciness. Chops from BA were more tender ( P < .001) than chops from BO and G (Table 4) . Chops from G tended ( P = .08) to be more tender than chops from BO. Chops from BA were also juicier than chops from BO ( P <.01) and G ( P < .05; Table 4 ). Longissimus chops were more tender ( P < .01) and had less off-flavor ( P < .001) than ST chops but were similar ( P < .05) in juiciness (Table 4) .
Correlations of 16-androstenes and skatole with trained taste panel tenderness, juiciness, and offflavor evaluations showed only two significant correlations, 16-androstene concentration with off-flavor and skatole with juiciness (Table 5) . However, the correlation coefficients were low ( r = .15 and .14, respectively). Thus, the relationship between skatole and 16-androstene levels and taste panel evaluations was minimal.
The statistical analysis of the logarithms of the consumer responses showed no differences ( P > .05); thus, means across treatments are presented in Table  6 . Raw means are presented to facilitate understanding of where the ranges and means of responses are located on the 1-to 9-scale. Mean responses were on the favorable portion of the scale for all attributes, ranging from 2.15 for overall impression to 2.97 for aroma ( 2 = like very much, 3 = like moderately). Responses for aroma of the chops had the highest mean, the most variability, and two responses greater than 5 ( 5 = neither like nor dislike, 6 = dislike slightly). However, dislike of the aroma did not seem to affect the overall impression of the chops, because this had the lowest mean, the least variability, and the least number of responses greater than 5.
All treatments were nearly equally represented in the consumer panel responses. Of 75 total responses, Table 4 . Trained sensory panel evaluations of longissimus muscle (LM) and semitendinosus (ST) chops from boars (BO), barrows (BA), and gilts (G) slaughtered at 100 kg a Scale of 1 to 8: 1 = extremely tender, juicy, no off-flavor; 4 = slightly tender, juicy, slight off-flavor; 8 = extremely tough, dry, extremely strong off-flavor.
b Main effect of sex not reported because the sex × diet interaction was significant ( P < .05). c,d Means within a row and main effect with superscripts that lack a common letter differ ( P < .05, error df = 313). Responses to demographic, pork preparation, and buying questions (Table 7 ) showed a wide range in the number of times pork was typically eaten per month. The predominant pork consumption pattern varied from zero to one or two to three times per month. The most common preparation method was frying. Most (93.3%) consumers used some sort of spice on the meat, the most common response being simply salt and pepper (data not shown). Price was easily the largest influence on whether consumers bought pork. Variety in diet, appearance, taste, and the fat and calorie content were also influences on the decision of whether to buy pork.
In regard to the demographic data, the level of education in the household ranged from grade school to advanced degrees (Table 7 ). The number of people with advanced degrees was higher than a nationwide average but not totally unexpected for a town in which the university is one of the largest employers. Ages of evaluators ranged from 20 to 75, with an overall average age of 34.9 yr. The largest age category was 31 to 40 yr of age. Males and females were equally represented.
110-kg BW Trial
Carcass Characteristics. No differences ( P > .05) in live or carcass weight were observed due to the main effects of sex (Table 8) . Tenth rib backfat measurements showed that BO and G were similar ( P > .05), but both were leaner ( P < .01) than BA. Boars had less LL and LR fat than G ( P < .01 and P < .05, respectively) and BA ( P < .001). Gilts had less LL and LR fat ( P < .01) than BA. For FR backfat, BO and G were similar ( P > .05), but both were leaner than BA ( P < .001). Boars had less average backfat than BA ( P < .001) and G ( P = .01). Gilts had larger ( P < .01) LEA than BA and tended ( P = .09) to have larger LEA than BO. Boars tended ( P = .08) to have larger LEA than BA. Percentage of muscle was similar ( P > .05) for BO and G, but both had greater percentages of muscle than BA ( P < .01). Color, firmness, and marbling scores were similar ( P > .05) among all sexes. Skatole and 16-androstene levels were also similar among sexes ( P > .05). No sex × diet interactions ( P > .05) were observed in this trial.
Sensory Panel Evaluations.
As in the 100-kg BW trial, chops from BA were more tender than chops from BO ( P < .001) and G ( P < .05, Table 9 ). No differences in juiciness of chops were observed among sexes ( P > .05). In contrast to the 100-kg BW trial, LM were less tender ( P < .05) than ST chops (Table  9 ). However, similar to the first trial, LM chops had less off-flavor ( P < .001) than ST chops. Juiciness was similar ( P > .05) between LM and ST chops.
A sex × diet interaction was observed ( P < .05) for off-flavor (data not shown). Boars on both diets had higher off-flavor scores than BAHI ( P < .05), BALO, and GHI ( P < .01) but were similar ( P > .05) to GLO. Similar ( P > .05) off-flavor scores were reported for BAHI, BALO, and GHI; however, GLO had higher ( P < .05) off-flavor scores than GHI. Means for off-flavor scores were as follows: BOHI 3.85, BOLO 3.85, BAHI 3.10, BALO 2.65, GHI 2.43, and GLO 3.33. Juiciness tended ( P = .06) to be affected by a sex × diet interaction. The highest (least desirable) juiciness scores were reported for BOLO at 4.53. This was higher ( P < .05) than BALO (3.90) and GLO (3.90). Table 6 . Raw means and simple statistics a for consumer evaluations of chops from boars, barrows, and gilts slaughtered at 100 kg a Because consumer responses were not affected by any of the main effects or interactions, only the overall means and descriptive statistics are presented.
b Scale of 1 to 9: 1 = like extremely, extremely tender and juicy; 5 = neither like nor dislike, neither tender and juicy or tough and dry; 9 = dislike extremely, extremely tough and dry. Correlations of 16-androstenes and skatole with trained taste panel tenderness, juiciness, and offflavor evaluations showed three significant correlations, 16-androstene concentration with off-flavor, skatole with tenderness, and skatole with off-flavor (Table 10 ). However, the correlation coefficient for the 16-androstene and off-flavor relationship was low and in the opposite direction of that expected ( r = −.13). This is not explainable other than to say the relationship between this chemical analysis and taste panel evaluations was minimal. The correlation coefficient between skatole and off-flavor was .28 ( P < .001). Although much higher than the other correlations, even this calculates an r 2 of only 7.8%.
The raw means and simple statistics of consumer panel responses showed mean responses were on the Table 9 . Trained sensory panel evaluations of longissimus muscle (LM) and semitendinosus (ST) chops from boars (BO), barrows (BA), and gilts (G) slaughtered at 110 kg a Scale of 1 to 8: 1 = extremely tender, juicy, no off-flavor; 4 = slightly tender, juicy, slight off-flavor; 8 = extremely tough, dry, extremely strong off-flavor.
b Main effect of sex not reported because of the sex × diet interaction ( P < .05). c,d Means within a row and main effect with superscripts that lack a common letter differ ( P < .05, error df = 226). (Table  11) , ranging from 1.88 for overall impression to 2.94 for aroma ( 1 = like extremely, 2 = like very much, 3 = like moderately). Responses for aroma of the chops had the highest mean, the most variability, and the only response in the unfavorable portion of the scale. However, dislike of the aroma did not seem to affect the overall impression of the chops, because this had the lowest mean, a low variability, and no responses greater than 5 ( 5 = neither like nor dislike). All treatments were well represented in the consumer panel responses. Of 67 total responses, 9 (13.4%) were chops from BOHI, 13 (19.4%) were chops from BOLO, 8 (11.9%) were chops from BAHI, 11 (16.4%) were from BALO, 12 (17.9%) were from GHI, and 14 (20.9%) were from GLO (data not shown).
As in the 100-kg BW trial, a wide range was seen in the number of times pork was typically consumed per month (Table 12 ). The predominant pork consumption pattern was two to three times per month. The most common preparation method was frying, and most consumers used some sort of spice on the meat. Also similar to the first trial, price was the largest influence on whether consumers bought pork. However, taste seemed to play a more important role in these consumers' selections than in the first trial.
Demographic data again showed a high proportion of the respondents had at least some college education.
The average age was slightly higher than in the 100-kg BW trial, and the 20-to 30-yr-old group and the 60+ group were more heavily represented in this trial. Responses from males slightly outnumbered those from females.
Discussion
The carcass data results of BO and BA from the 100-kg BW trial are generally in agreement with Hansen and Lewis (1993) , who reported that average backfat and 10th rib fat of BO, BA, and G slaughtered at 105 kg decreased within genders as dietary CP increased.
Results from the 110-kg BW trial did not show a sex × diet interaction for any carcass traits. Hansen and Lewis (1993) reported that, within the range of diets that were adequate in CP, BO had superior leanness, followed by G, and then BA. This is also in agreement with previous reports that ranked the backfat thickness of the sexes from lowest to highest as boars, gilts, then barrows (Siers, 1975; Seideman et al., 1982) . Although the optimum dietary CP for finishing BO has not been determined, dietary CP requirements of BA and G do decrease with maturity (NRC, 1988) . The same may be true for BO. The finishing CP levels for all three sexes in this trial were adequate (Hansen and Lewis, 1993) . Thus, at the heavier slaughter weight, differences due to diet were probably minimized in comparison to differences due to sex.
The trained sensory panel results for both trials showed a lack of correlation between those samples identified by the sensory panel as having off-flavor and the chemical analysis for 16-androstenes. In the 100-kg BW trial, the correlation between skatole levels and off-flavored samples was not significant, whereas the 110-kg BW trial did show a relationship between skatole and samples identified as off-flavored. Our results for the 16-androstenes are in contrast to those of Squires et al. (1991) , who found high correlations between the 16-androstene steroid levels Table 11 . Raw means and simple statistics a on consumer evaluations of chops from boars, barrows, and gilts slaughtered at 110 kg a Because consumer responses were not affected by any of the main effects or interactions, only the overall means and descriptive statistics are presented.
b Scale of 1 to 9: 1 = like extremely, extremely tender and juicy; 5 = neither like nor dislike, neither tender and juicy or tough and dry; 9 = dislike extremely, extremely tough and dry. and off-aroma and off-flavor taste panel evaluations ( r = .54 and .70, respectively). However, Xue et al. (1996) also reported the sensory analysis of fat samples for androstenone was lower than what was expected from tissue levels of 16-androstene steroids. Brooks and Pearson (1986) reported androstenone alone accounted for only 16 to 56% of the variation in sensory scores for boar taint.
In the 100-kg BW trial, the lack of correlation between either the 16-androstenes or skatole with sensory panel scores may be partially due to the very low levels of off-flavor reported for all samples in this trial. Furthermore, although nine pigs had 16-androstene concentrations over 50 mg/g, only one had concentrations over 65 mg/g, a previously suggested cutoff value for boar odor acceptability (Xue et al., 1994) . The low number of animals exhibiting high levels of the steroids at this weight and age is generally in agreement with Bonneau (1982) , who stated that the percentage of animals with high concentrations of androstenones increases with age and live weight, although the relationship is not very consistent (Brooks and Pearson, 1986) . Twelve pigs had 16-androstene steroid levels over 50 mg/g in the 110-kg BW trial, but only three had levels over 65 mg/ g. Here again, the low numbers of pigs over the suggested threshold levels may have contributed to the lack of correlation with sensory evaluations.
In the 110-kg trial, skatole had a significant role in the sensory panel's detection of off-flavor, although it also failed to account for much of the sensory panel's detection of taint ( r 2 = 7.8%). Other researchers (Garcia-Regueiro and Diaz, 1989; Bonneau et al., 1992; Xue et al., 1996) have also reported more detection of boar taint by sensory panels in meat and fat samples than could be accounted for by chemical analyses for skatole and androstenone.
The method of sensory analysis may also have contributed to the lack of correlation between chemical analyses and sensory assessment of off-flavor. Panelists were not present during the cooking of the meat, and the sensory analyses were conducted in booths separated from the kitchen where the cooking had been done. Because of the volatility of the 16-androstene steroids (Gower, 1972) , much of the malodorous compounds may have dissipated during the cooking process. Panelists were asked to identify only the off-flavor of samples, not the off-odor. Although other studies have shown a strong relationship for off-odor and off-flavor with the 16-androstene steroid level (Squires et al., 1991) , it is possible that, with the reduced presence of the off-odors of the 16-androstene steroids, off-flavors from these compounds were minimized.
Furthermore, the 16-androstenes are lipophilic and hydrophobic and stored in the lipid component of tissue (Gower, 1972) . The LM samples in the 100-kg BW trial had intramuscular fat contents of 1.5, 2.8, and 1.7% for BO, BA, and G, respectively (unpublished data) . Those in the 110-kg trial had intramuscular fat contents of 2.2, 4.3, and 3.3% for BO, BA, and G, respectively. Skatole, though preferentially deposited in fatty tissue, is lipophilic and hydrophilic (Claus et al., 1994) . Therefore, with the low intramuscular fat contents, especially for BO, in the samples used for these trials, skatole may have been deposited in the lean tissue and therefore made more of a contribution to the sensory panel's evaluations of off-flavor than the 16-androstenes. Lundstrom et al. (1988) also reported that skatole was more highly correlated than androstenone with lean meat variables of taint and overall taste, even though the two compounds had similar correlations for the evaluation of taint in fat. Xue et al. (1996) suggested 16-androstenes and skatole may work synergistically to increase the detection of taint by sensory panels, especially that of skatole odor. This may have occurred in our trials because, even though only a few samples were above the threshold values for either 16-androstenes or skatole, there was significant detection of taint.
The higher off-flavors found in ST samples in both trials may also be partially accounted for by the difference in fat content. Semitendinosus samples had intramuscular fat contents (across sexes) of 3.7 and 4.7% for the 100-kg and 110-kg BW trials, respectively, as compared to LM fat contents (across sexes) of 2.0 and 3.3%, respectively. Because of the higher fat contents, the ST samples may have had more contributions to off-flavor from the 16-androstenes than did the LM samples. Furthermore, this may also have strengthened the synergistic effect for off-flavor detection.
The relationship between diet and detectable offflavor suggests the lower-protein diets may result in more detectable off-flavor. In the 100-kg BW trial, BOLO had higher off-flavor scores than all other groups. In the 110-kg BW trial, BO on different protein level diets were similar to each other, but GLO had the next-highest off-flavor scores, and they were not different ( P > .05) from the off-flavor scores for BO. Lin et al. (1992) reported serum skatole concentrations decreased in boars as dietary CP increased from 12 to 15 to 18 and 21%. Studying BO and G, Lundstrom et al. (1988) reported skatole concentrations in backfat and variation in concentrations were higher for pigs on lower-nutrient-density diets.
Skatole is formed in the digestive tract from tryptophan (Yokoyama and Carlson, 1979) . Lundstrom et al. (1988) suggested that lower-nutrientdensity diets stimulated the fermentative process in the hindgut, which in turn led to larger quantities of microbial protein. The microbial protein could then be used as an added source of tryptophan for skatole production. Although addition of tryptophan to normal pig diets does not result in increased levels of boar taint (Claus et al., 1994) , the individual amino acids in the diet are mostly absorbed in the small intestine, making them unavailable for any microbial activity in the hindgut. Although diet did not affect ( P > .05) the skatole levels of backfat in either trial, it may be hypothesized that the lower-protein diets resulted in more production of hindgut microbial protein for growth, and, thus, more protein was available for skatole production. For BO and G, the lower protein levels were further from the optimal levels for performance than they were for BA (Cromwell et al., 1993; Hansen and Lewis, 1993) . Thus, more skatole may have been produced and deposited in lean and fat tissues for BOLO than for BOHI and for GLO than for GHI. In addition, although the sex × diet interaction for skatole concentrations was not significant, the mean skatole concentration for BOLO was approximately twice as high as for BOHI, and the mean for GLO was numerically higher than for GHI. This hypothesis is also supported by the work of Lin et al. (1992) , who showed that serum skatole concentrations declined with increasing levels of dietary CP. Bonneau et al. (1992) stated that levels of skatole, androstenone, or the combination of the two could not adequately detect all meat that would be considered tainted by a sensory panel. The findings of our two trials are in agreement with that conclusion. The relationship between the 16-androstenes and boar taint is well documented (Squires et al., 1991; Xue et al., 1994) . Although this relationship was not apparent in statistical correlations, BO had higher off-flavor scores in the 110-kg BW trial, and, numerically, BO had higher 16-androstene concentrations than either BA or G in this trial, although not statistically significant due to the high variability in these samples. The 110-kg BW study showed a correlation between skatole and off-flavor, and Xue et al. (1996) suggested the possible synergistic effect of the 16-androstenes and skatole. Based on the factors outlined above, it can be hypothesized that diet may affect off-flavor of pork, and, on some diets, the currently suggested threshold values for 16-androstenes and(or) skatole may be too high to completely eliminate detection of off-flavor by trained sensory panelists.
The advantage in tenderness and juiciness of chops from BA can be partially attributed to the higher fat content of chops from BA. It is important to note that, although chops from BO tended to be less tender than chops from gilts, means for all sexes were still on the favorable portion of the scale ( 4 = slightly tender, juicy). The advantage in tenderness of ST chops compared to LM chops in the 110-kg BW trial was unexpected and not explainable.
The results of the consumer panels suggest most consumers were not negatively affected by the odor or flavor of the boar meat, and most ranked it as desirable overall. Bonneau et al. (1992) also suggested that a large proportion of the overall consumer population lacked the ability to evaluate odor intensities of androstenone or skatole. In a study of over 5,000 consumers, Diestre et al. (1990) reported that consumers ranked chops from BO as less desirable than chops from BA for odor. However, when the BO chops were divided into three groups based on fat androstenone level (< .5, .5 to 1.0, and > 1.0 mg/g), nearly all of the chops ranked as "poor" or worse were from the BO with the high level of androstenone. Furthermore, consumers ranked the flavor of chops from BO and BA as equal. Lundstrom et al. (1988) also reported that, when trained panelists were presented four samples from boars and one sample from a gilt at each panel session, the panelists could only rarely identify the sample from the gilt.
The consumer panel results from our trials and other studies suggest that most consumers cannot detect differences in the flavor of young boar meat compared to meat from barrows or gilts. Although a few individuals reported a negative response to the aroma of the meat in our studies, in only one response did it result in an overall impression rank of 6 (dislike slightly). In no case did a sample rank above 5 for aroma and flavor.
Implications
Trained sensory panelists found that pork from lightweight boars on lower-protein diets, all mediumweight boars, and medium-weight gilts on lowerprotein diets had more off-flavor than pork from barrows. Skatole concentrations were more closely linked than 16-androstenes to off-flavor. Consumers classified meat from boars, barrows, and gilts as equally acceptable for overall impression. Thus, meat from light-to medium-weight boars slaughtered at less than approximately 165 d of age may be used for institutionalized food preparation situations in which consumers are not present during the cooking of the product.
